The present study was designed to investigate the relationships between indicators of male body mass index (BMI), age, reproductive hormone levels, semen parameters, and the outcomes of assisted reproductive technology (ART). The clinical data were collected from 636 couples who underwent ART between January, 2013 and December, 2015 at the reproductive center involved in our study. Pearson's correlation or Spearman rank correlation was applied to establish the relevant correlation coefficients. The correlation between influence factors' and pregnancy outcomes was analyzed using the Logistic regression model. Analyses were conducted using SPSS software. Male BMI was found to be negatively correlated with testosterone (T) (P<0.05), while follicle-stimulating hormone (FSH) was negatively correlated with semen parameters (P<0.05). Luteinizing hormone (LH) was found to be negatively correlated with total sperm count, normal sperm morphology, and abortion (all P<0.05). Clinical pregnancy was related to sperm concentration and female age (P<0.05), and live birth was found to be associated only with female age (P<0.05). Male BMI was associated with the secretion of reproductive hormones, but had no effect on sperm parameters or ART outcome. A higher male age was also negatively connected with the outcome of clinical pregnancy. Reproductive hormones were not associated with ART outcome. Sperm concentration and female age were important factors influencing ART clinical pregnancy, while the only significant factor influencing live birth was female age. Levels of obesity-related inflammatory indicators (i.e. free fatty acid (FFA), glutathione peroxidase (GSH-Px), human inhibin-B (IHNB), interleukin-1 (IL-1), insulin-like growth factor-1 (IGF-1), and reactive oxygen species (ROS)) also varied with degrees of BMI. The present study provides information on the associations between male reproductive characteristics and the outcome of ART, which may contribute to improved strategies to help couples achieve better pregnancy outcomes.
Introduction
Infertility is defined as the failure of conceiving after 12 months of unprotected intercourse, and it affects approximately 15% of couples trying to become pregnant [1, 2] . Among couples between the age of 15-44 years old in the US, nearly 7.3 million women or their partners have sought infertility treatment services from 2006-2010 [3] . Although epigenetic and genetic causes are both determinants of successful embryo development, their effects on embryo quality from the male side have long been underestimated and insufficiently investigated [4, 5] . According to former research, it is apparent that the rate of infertility rises with increased age in both males and females [6, 7] . A previous case-cohort study reported the correlation between age and serum hormones or sperm parameters [8] . Recent evidence also suggest that many
Materials and methods

Subjects
The present study was conducted retrospectively at Shanghai Jiao Tong University Affiliated Sixth People's Hospital between January, 2013 and December, 2015. A total of 636 couples were enrolled in the present study. All participants gave written informed consent. The serum reproductive hormone levels of 553 males were tested.
Semen analysis
Every male participant provided three semen samples by masturbation, collected in a wide mouthed plastic container in a semen collection room at the reproductive center following a period of abstinence for 3-4 days. The semen samples were examined and processed according to the fifth edition of the World Health Organization (WHO) laboratory manual. Semen volume was calculated by aspiration into a graduated plastic beaker. Sperm concentration, total sperm count, progressive motility rate, and total sperm motility were measured using a computer-aided sperm analysis system (Beijing Weili New Century Technology Development Co., Ltd), and each sample contained more than 400 spermatozoa. The morphology of sperm was observed using modified Papannicolaou staining under a microscope (100×) with assessment of at least 200 spermatozoa in each sample. Semen analysis was performed by two specialized inspection technicians.
Examination of reproductive hormones and inflammatory indicators
Fasted blood samples were withdrawn from the cubital vein of participants before 10:00 a.m. Any drug which could affect hormone levels was discontinued before blood sampling. After the separation of serum, the reproductive hormones (i.e. FSH, LH, T, PRL, and E 2 ) were detected with chemiluminescence (Beckman Company, U.S.A.). Testosterone secretion indexes (i.e. TSI and T/LH) and testosterone-estradiol ratios (i.e. TE 2 and T/E 2 ) were calculated.
Reproductive hormone examination was also performed by two specialized inspection technicians. The ELISA kits used in the measurement of free fatty acid (FFA), glutathione peroxidase (GSH-Px), human inhibin-B (IHNB), interleukin-1 (IL-1), insulin-like growth factor-1 (IGF-1), and reactive oxygen species (ROS) were purchased from the Xin'le Biology Ltd., Shanghai.
BMI distribution
The height and weight of male participants were measured using an automated measuring instrument at the reproductive center. BMI was calculated according to the universal standard introduced by the World Health Organization (WHO). The 636 males included were divided into four groups: 15 in the underweight group (BMI < 18.5 kg/m 2 ), 369 in the normal group (BMI 18.5-24.9 kg/m 2 ), 210 in the overweight group (BMI 25-29.9 kg/m 2 ), and 42 in the obese group (BMI > 30 kg/m 2 ).
Therapeutic method
IUI or IVF was used in all included couples. Human chorionic gonadotropin (HCG) was measured 2 weeks after the operation. An intrauterine sac observed by B-ultrasound at 4 weeks was defined as clinical pregnancy, and the parturition and fetal characteristics were also recorded.
Post-operation follow-up
The cumulative clinical pregnancy rate = the number of pregnant couples/636, live birth rate = (the number of live births)/(the total number of live births and still births), and abortion rate = the number of abortion couples/636. The number of couples who achieved clinical pregnancy was 383, so the cumulative clinical pregnancy rate was 60.22%. The occurrence of spontaneous abortion was 66, so the abortion rate was 10.38%. A total of 334 couples successfully gave birth to 415 infants, so the cumulative birth rate was 52.52%.
Statistical analysis
The Statistical Program for Social Science (SPSS 21.0) was used to complete statistical analyses. Quantitative data were normally distributed (Shapiro-Wilk test). Data in normal distribution were presented as mean + − standard deviation (mean + − SD), and those data not in normally distribution were expressed as median and quartile [Median (P 25 -P 75 )]. A t-test or nonparametric test was applied to determine the significance of differences. Frequency (constituent ratio) (F (%)) was used to describe categorical variables, and rank-sum test was used to characterize the significance of differences among groups. Applications of Pearson's correlation or Spearman rank correlation were established to correlation coefficients. The associations of influence factors with pregnancy outcomes were analyzed using the logistic regression model. Differences were considered statistically significant when P-value was found to be <0.05.
Results
Baseline data analysis
The baseline data of the patients are given in Table 1 .
Association between BMI and baseline characteristics
It was observed that significant differences were found in between BMI and male age, T, TSI, and TE 2 (P<0.05), yet no significant differences were identified in sperm volume, sperm concentration, total sperm amount, normal sperm morphology, total sperm motility, FSH, LH, PRL, and E 2 (P>0.05, Table 2 ). It was shown that levels of obesity-related inflammatory indicators (i.e. FFA, GSH-Px, IHNB, IL-1, IGF-1, and ROS) were statistically quite distinct among patients classified in different BMI groups (P<0.05) ( Table 3) . Furthermore, we found that BMI, T, and TSI were negatively correlated respectively (P<0.05). No statistically significant relationships were found between BMI and sperm parameters, other reproductive hormones, clinical pregnancy, abortion, or live birth rate (P>0.05) ( Table 2 ). The correlations between T, TSI, and BMI were analyzed using the linear regression model, with T and TSI having a negative correlation with BMI (P<0.05) (Figure 1 ).
Association between male age and baseline characteristics
Six-hundred and thirty-six participants were divided into four groups based on their BMI as follows: 15 people in group 1 (17.4-18.3), 369 in group 2 (21.2-24.3), 210 in group 3 (25.6-27.7), and 42 in group 4 (30.4-32.9). Accordingly, we found statistically significant differences in infertility duration, progressive motility rate, sperm volume, sperm motility, FSH, T, and PRL (P<0.05) ( Table 4) . We also found that male age was associated with infertility duration, abstinence frequency, sperm concentration, total sperm motility, progressive motility rate, FSH, TSI, female age, clinical pregnancy, live birth rate, and the number of live births (P<0.05) ( Table 5) . Among all the associated significant factors, the progressive mobility rate, total mobility, TSI, clinical pregnancy, number of live birth rate, and number of live births were found to be negatively correlated with male age, while the other factors were correlated positively with male age (P<0.05).
Association between reproductive hormones and baseline characteristics
Statistically significant relationships were found between reproductive hormones and male age, BMI, sperm parameters, and ART outcome (Table 6 ). We found that FSH was negatively associated with sperm parameters, such as total sperm amount, sperm concentration, total sperm motility, progressive motility rate, and normal sperm morphology rate (P<0.05).
In addition to this, LH was found to be negatively correlated with total sperm count, normal sperm morphology rate, and abortion (P<0.05); while T had no relationship with sperm parameters, but was positively related with the number of live births (P<0.05). Figure 2 shows the relationships between reproductive hormones (i.e. FSH, LH, and T) and sperm count or sperm motility. 
Association between clinical pregnancy success and baseline characteristics
When compared with clinical pregnancy outcome, statistically significant differences were found in male age, female age, and sperm concentration (P<0.05), while no statistically significant differences in the relations between infertility years, smoking history, abstinence frequency, sperm volume, total sperm count or other sperm parameters, and reproductive hormones were observed (P>0.05) ( Table 6 ). The logistic regression analysis of clinical pregnancy outcomes aimed at investigating the correlation between male age, sperm concentration, female age, and the clinical pregnancy outcome demonstrated that only female age and sperm concentration had effects on clinical pregnancy outcomes ( Table 7) .
Association between live births and baseline characteristics
To investigate the correlation between the relevant factors and live birth rates, we compared the live birth couples and the stillbirth couples, suggesting that higher male age, duration of infertility, and higher female age were all negatively correlated with live birth (P<0.05). No statistically significant association between smoking history, other sperm parameters, reproductive hormones, and live birth was observed (P>0.05) ( Table 8) .
The logistic regression analysis was conducted to predict the correlation between the related factors and live birth, showing that only female age had substantial effects on live birth (Table 9) .
Discussion
At present, there are many conflicting evidence regarding the relationship between male BMI and sperm quality or ART outcome. Hence, the present study purposed to explore the respective associations of male age, BMI, and reproductive hormones with sperm parameters, clinical pregnancy, abortion, and live birth. After comprehensively analyzing the influencing factors and the outcome of pregnancy, we found that sperm quality and obesity-related inflammatory factors differed among groups with diverse levels of BMI, and only female age and sperm concentration were seen to affect the likelihood of pregnancy, as well as live birth.
It was shown that obesity-related inflammatory factors, namely FFA, GSH-Px, IHNB, IL-1, IGF-1, and ROS within seminal plasma, were discrepant in levels among groups with diverse levels of BMI, while no significant correlation was found between male BMI and sperm volume, concentration, amount, morphology, or motility [26, 27] . In fact, IGF-1 has been found to elevate responses of the mesenchymal cells to HCG, through the increase in LH receptors on the surface of mesenchymal cells and the facilitation of additional cellular enzymes, finally affecting spermatogenesis and spermioteleosis [28] . GSH-Px was also instrumental in the initial stage of mitotic segregation of spermatogenesis, since it can limit the damage caused by ROS on sperm. It has also been demonstrated that IHNB was positively associated with the size of testes, and IHNB was actually an indicator of the spermatogenic ability [29] . Aside from this, cytokines such as IL-1, IL-6, and tumor necrosis factor (TNF) can lessen sperm motility and decrease the likelihood of sperm reaching the ovum, further contributing to infertility in males [30] . However, previous studies have tended to derive the conclusion that obesity is not associated with sperm quality, though one reported that men with BMI > 25 kg/m 2 had fewer chromatin-intact normal-motile sperm cells per ejaculation [19, 20, 31] . Another study showed that a high male BMI could detrimentally influence sperm concentration and total mobile sperm count [20] . These studies simply summarized obesity as a BMI index value, but the use of BMI index to identify obesity is overly simplistic, as its related inflammatory factors could also be taken to represent obesity. Moreover, these studies did not involve other sperm quality parameters, such as semen volume, sperm morphology, sperm motility, and hormone levels. Furthermore, there was no significant change in sperm quantity but substantial decreases in mobility with increased age. In terms of hormones, FSH decreased with age, and male age was closely associated with sperm quality [32] . In contrast, Paasch et al. [8] demonstrated that higher age was correlated negatively with sperm parameters and serum hormones T and inhibin-B, but positively correlated with serum hormone FSH. These inconsistent results may be due to different treatment in our cohorts-for example, the infertility couples did not receive ART in their studies, but received ART in ours.
In this research, FSH had a negative correlation with sperm quality indicators such as total sperm count, sperm concentration, motility and morphology, and LH negatively affected total sperm count and morphology. Nonetheless, FSH, LH, Inhibin B, and T4 levels all were reported to be associated with sperm parameters including concentration, morphology, and motility [33] [34] [35] . This distinction may be attributed to the fact that their research was not based on hormone levels after ART, which implied the correlation between hormones level and infertility, but FSH, as a feasible treatment for infertility, may improve sperm DNA fragmentation and pregnancy success rate [36] .
As for the critical factors affecting clinical pregnancy success and live birth, multiple regression analyses concluded that there was a negative association between higher female age and the chance of pregnancy, as well as live birth, while pregnancy could be seen to benefit from sperm concentration. Consistently, the cumulative live birth rate among older women was lower than that among younger women using vitrified blastocysts, suggesting that female age adversely influenced live birth rates [37] . It has also been strongly suggested that sperm concentration positively affects the likelihood of achieving pregnancy [38, 39] . However, in the present study, we did not investigate whether or not female obesity could affect pregnancy and live birth after ART treatment, while another study showed that high female BMI indeed adversely affected live birth with the use of autologous oocytes, especially among women <35 years of age [17] .
Our study assessed diverse factors influencing pregnancy and live birth. However, we have to acknowledge a few limitations in our study including its retrospective design and lack of uniformity between groups in the male participants who presented with potential causes of infertility. Therefore, we used multivariable analysis to control factors that covary with male BMI and clinical pregnancy for the purpose of minimizing latent unknown confounders. Besides, more indicators which could signify obesity other than solely BMI should be explored regarding their relationship with ABT outcomes so that potential predictors can be discovered and treatment methods more effectively managed. At last, the study of other female characteristics apart for age would almost certainly contribute to the comprehension of pregnancy outcomes of ART.
In summary, female age and sperm concentration were relevant factors affecting the likelihood of achieving pregnancy, and BMI is closely correlated with reproductive hormones but not sperm concentrations. Specifically, the correlation between reproductive characteristic and male BMI indicates that obesity will not impact ART outcomes significantly. The present study provides information on the associations between male reproductive characteristics and the outcome of ART, which may help couples achieve better pregnancy outcomes. However, further large ART-related cohort studies should still be conducted concentrating on the correlation between obesity and the likelihood of pregnancy and live birth.
